The ability to evaluate an article critically is a necessary skill for clinicians to maintain competency and to provide patients with the best possible care. 2 Although the first reported attempt at a meta-analysis was in 1904, 3 it was not until the mid-1970s when this actual methodologic technique was defined. 4 ,5 Since then, the biostatistical method known as meta-analysis has gained in popularity. The number of published articles using this technique has increased from 109 in 1988 to 754 in 1998. Despite its widespread use, meta-analysis continues to be a controversial method.
The ability to evaluate an article critically is a necessary skill for clinicians to maintain competency and to provide patients with the best possible care. 2 Although the first reported attempt at a meta-analysis was in 1904, 3 it was not until the mid-1970s when this actual methodologic technique was defined. 4 ,5 Since then, the biostatistical method known as meta-analysis has gained in popularity. The number of published articles using this technique has increased from 109 in 1988 to 754 in 1998. Despite its widespread use, meta-analysis continues to be a controversial method. 6 The intent of this article is to help you understand the purpose, strengths, and weaknesses of a meta-analysis, and to provide you with the tools needed to critically evaluate an article that uses this methodology. Because of space limitations, I can not cover everything in exhaustive detail, and the reader is encouraged to refer to the references for several outstanding reviews. Using the article mentioned in the case as an example, you will learn how to use a worksheet that allows you to assess the validity of a meta-analysis. The ultimate goal is to enable you to determine whether you should apply
Characteristics of a Meta-Analysis
The medical literature consists of two major types of studies: (1) those that report original research (analytic, primary studies), and (2) those that summarize or draw conclusions from this original research (integrative, secondary studies). There are various types of integrative studies. The simplest and least stringent study is a nonsystematic review written as a continuing medical education article by authors expert in a subject matter. These articles may be based solely on opinions and clinical experiences, with a cursory, if any, literature review being performed. References used for support are mainly review articles themselves. The authors might pick and choose the studies that support their argument, while ignoring those that disagree. Oxman and Guyatt' found that the greater the expertise of the reviewer, the lower the quality of the review. For example, a review article on screening for prostate cancer written by a urologist might reach a completely different conclusion than one written by a family physician, although the literature available to both is the same. This type of subjective review article is fraught with bias and can be misleading. 8 A systematic review is a more precise integrative study. This type of review article provides an overview of original research using a precise protocol with a statement of objectives and a literature review conducted according to a specific and repro-A research question is precisely defined.
A protocol is established before the study begins which states the objectives of the review of ReT's and outlines the eligibility criteria for these ReT's.
An exhaustive search of the medical literature is performed to find aI/ of the ReT's that seem to meet these eligibility criteria.
More than one ublinded u investigator tabulates the characteristics of each ReT identified and asseses its methodological quality using strict criteria.
Articles that do not meet the eligibility criteria are excluded.
The results of the eligible ReT's are analyzed, using statistical synthesis of data (meta-analysis).
A critical summary of the review is prepared, describing in detail how the meta-analysis was performed, reporting the results, acknowledging the potential biases, and suggesting further areas in need of study. ducible methodology.9-13 The author provides a detailed description of how the articles were obtained and the methods by which articles were included and excluded for consideration. Much like conducting original research, the author follows a protocol in researching primary studies. \\'hen assessing such a review, the reader can judge the quality of science that went into the writing of the review.
A meta-analysis is a type of systematic review of the literature that includes combining and analyzing the data of individual trials. As would any other research project, a meta-analysis should have a detailed written protocol prepared in advance that includes a narrowly focused question to be answered. Original studies are found that address this question, their data are combined, statistical tests are applied to these combined results, and the re-202 JABFP May-June 2000 Vol. 13 No.3 suIts are reported ( Figure 1) . The meta-analysis is a statistical procedure that integrates the results of several independent clinical trials considered by the analyst to be "combinable."14 So, in addition to critically reviewing the primary research, the author also statistically combines the results. It literally is a study of studies.
1s A meta-analysis has been likened to an observational study of the evidence. 14 Most meta-analyses are applied to randomized clinical trials (ReTs), although recently some have attempted, with varying degrees of success, to apply this technique to nonrandomized trials and epidemiologic research. 16 -18 The potential benefits of meta-analyses are found in Table 1 . The sample in a ReT might be too small to detect a difference between groups when, in reality, there is a difference (type II error). In a review ofReTs with negative results published Another potential benefit of a meta-analysis is that it might answer questions about whether an overall study result differs among various subgroups (eg, among older or younger patients, men and women, or subjects with varying degrees of disease severity).6 Also, if done well, a meta-analysis is an excellent critical review of the literature that points out the strengths and weaknesses of previous research on a given topic. As such, it can generate research questions to be addressed in future studies, along with a more accurate sample size needed to answer these questions.
A meta-analysis is only as good as the research on which it is based, however. It is not an infallible tool. 6 Unfortunately, many authors view the metaanalysis as an easy way to get published, especially with the help of software programs that allow rapid statistical calculations. 2o As a result, there is growing concern about the quality of most meta-analyses. 16 The three main threats to the validity of a meta-analysis are (1) combining studies that are dissimilar, (2) publication bias, and (3) including poor-quality studies in the analysis. Because of these threats, many meta-analyses are methodologically flawed.16.21.22 A classic example of a flawed meta-analysis is one which suggested that giving intravenous magnesium was beneficial to those who had myocardial infarctions. 23 A large trial involving 58,000 patients (International Study of Infarct Survival-4), however, found no benefit. 24 On further review, the meta-analysis was misleading because of publication bias and methodologic weaknesses in smaller trials. So, in summary, meta-analyses have great potential to be useful for clinicians, but not all are methodologically sound. As such, it is important to have the basic skills to be able to distinguish a well-designed meta-analysis from one that should be recycled.
Critical Appraisal of a Meta-Analysis
Assessing a meta-analysis involves two steps: (1) conduct an initial validity and relevance screening test, which has been described in detail,2 and if the meta-analysis passes the screening test, (2) perform a more in-depth evaluation of its validity.
Step One -
Conduct an Initial Validity and Relevance Screening Test
The first step when assessing a meta-analysis is to ask yourself, "Is this article worth taking the time to review in depth?" This step can be quickly accomplished by examining the six simple questions outlined in Table 2 .2 Using the article mentioned in the case and the questions in Table 2 , you find these answers. The article you are assessing is published in JA1I1A. You are almost certain that this journal is peer-reviewed, which is confirmed in the Instructions for Authors ("JA1\1A is an international, peer-reviewed, general medical journal. .. "). You look at the end of the article to find that funding support was from two foundations, but none from a company that has commercial interests in the drugs mentioned in the study. Your attention now turns to the abstract. In the introduction, you read the purpose of the meta-analysis was to determine whether treating children with a shorter course of antibiotics is comparable to treating them with a longer course. You then read this conclusion: "[F]ive days of short-acting antibiotic use is effective treatment for uncomplicated acute otitis media in children. " You scan the rest of the abstract and find that the outcomes were treatment failures, relapses, or reinfections. Taking antibiotics for a shorter length of time will reduce costs and lessen the chances of adverse reactions and drug resistance, outcomes that are important to you and your patients. As a primary care physician, otitis media is Applying a Meta-Analysis 203 one of the most common problems encountered in your practice, and you could easily write a prescription for a shorter course of antibiotics. Because you currently treat otitis media in a child with at least 10 days of antibiotics, using this information will require you to change your current practice.
In only a few seconds you have quickly answered yes to six pertinent questions that allow you to decide whether you want to take the time to review this meta-analysis critically. This tool allows you to weed out and recycle those articles that are not relevant to your practice, thus allowing more time to examine the validity of those few articles that might have an impact on the care of your patients. Based on the information you have found from this screening tool, you might be tempted to begin writing prescriptions for a shorter course of antibiotics for otitis media. Before you make a drastic change in your prescribing pattern for this common problem, however, you want assurances that the authors of the paper conducted a valid meta-analysis.
Step Two -Determine the Validity of the Meta-. Analysis You decide to assess this JAMA article critically based on your initial screening results. Using the questions found in Table 3 , you now turn your attention to the Methods section.
1. Was the literature search done well? The strength of a meta-analysis depends on the quality of the medical literature search. This search must be thorough and objective, using multiple comput-204 JABFP May-June 2000 Vol. 13 No.3 erized literature databases and various techniques. 25 A poorly done literature search often will result in a meta-analysis that yields invalid conclusions. The authors should attempt to do more than a simple MEDLINE search; even the best MED-LINE search will miss up to 20% to 70% of articles pertinent to the topic. 16 ,26-28 In addition to a computerized literature search, the authors should re-. view the references of each of the articles found through the search. Looking up citations of these references often yields useful articles not selected in the original search.
Publication bias is a major threat to the validity of a meta-analysis. 29 Studies showing statistically significant (positive) results and having larger sample sizes are more likely to be written and submitted by authors and subsequently accepted and published than are nonsignificant (negative) studies. 30 -H For example, in one study of publication bias, 85% of studies with significant results compared with 65% of negative studies had been published after 10 years. 34 The median time to publication was 4.8 years for the studies with significant results compared with 8.0 years for those with negative results .
To avoid this bias, investigators should decide whether the search should include unpublished data known as the gray literature,u Talking to experts in the research community and reviewing research data that have not yet been published could yield results different from those published. Obtaining and including unpublished data might help avoid publication bias, but not totally.35 The 2. Were at least 2 independent evaluators used, and was the inter-rater agreement assessed and adequate?
3. Were the evaluators blinded to the authors, institutions, and results of the primary studies?
Were results from the studies combined appropriately? 1. Were the studies similar enough to combine results (were the study designs, populations, exposures, outcomes, and direction of effect similar in the studies that are combined?)
Was a test for heterogeneity done and was its P value nonsignificant?
Was a statistical combination (meta-analysis) done properly? cal, non-English language journal. To reduce tllls bias, the best meta-analyses will not place a limit on tlle type of language searched.
3s
Funnel plots, which are simple scatter plots of the odds ratios of the trials against their sample size, are useful to detect publication bias in a metaanalysis. Typically, results from small studies will scatter widely at ilie bottom of the graph; this spread will narrow as precision increases among larger studies. 29 ,39 In tlle absence of bias, the plot should resemble a symmetrical inverted flUmel, as shown in Figure 2 .
In the article you are assessing, you find the authors focused on RCTs, comparing different durations of antibiotic treatment in children wiili a diagnosis of acute otitis media. They used four different databases (MEDLINE, EMBASE, Current Contents, and Science Citation Index) with no language restrictions, and reviewed the reference lists of relevant articles to find furilier trials. Key words that were used are listed. The authors do not specifically mention looking at the gray literature. Although not mentioned in the Metllods section, you do find later in the article that the auiliors address the possibility of publication bias in their search by doing a funnel plot. You are assured that the author's performed a thorough literature search and proceed with your assessment.
Was the method for selecting articles clear, systematic, and app1"opriate?
Once a comprehensive literature search has been done, the investigators should have a systematic way to evaluate which of the articles should be included in the analysis. Eligibility criteria should be clearly documented in the protocol. The population should be well defined and tlle intervention and all outcomes dearly de-scribed. When the eligibility criteria for a metaanalysis are strict, the final number of studies included in tlle analysis are much fewer in comparison with ilie number of sttldies found in the literature search. I S To improve the selection process, at least two in.dependent selectors should be used, and an evaluation should be performed on how closely they agreed on which articles should be selected and which ones should be discarded. A log should be maintained of the excluded articles to allow the reader to assess the quality of the screening tool.
In the Methods section, you read that me investigators clearly described the eligibility criteria (age 4 weeks to 18 years, clinical diagnosis of acute otitis media not on antibiotics, randomized to less man or greater than 7 days of treatment, and an assessment of clinical resolution). Using these strict criteria for selection, 7 investigators independently evaluated those articles found in the literature search . They then applied a statistical test (kappa statistic) to document this close agreement. You answer yes to this question.
Was the quality of the primary studies evaluated?
The criteria used to reject articles as Hawed must be explicit and independent of the results of mose trials. The investigators should have a list of criteria, including generic (common to all research studies) and particular (specific to the area in question) aspects of quality, used to judge each trial. All the articles should have the same standard applied. Ideally, investigators should consider including only controlled trials with proper randomization of patients in a double-blinded manner who are analyzed on an intention-to-treat basis using objective measures of outcomes. 14 Assessing the quality of a study can be subjective unless strict quality criteria are used, such as those found in the Jadad scale. 40 Also, to decrease the possibility of bias, there should be at least two independent evaluators, and interrater agreement should be assessed. To obtain more consistent quality scores of the studies, the investigators should evaluate the articles blindly (ie, remove such information as aumors, location of study, and names of the journals). 41 In the article you are critiquing, tlle investigators used an accepted. quality score (the Jadad scale) and applied this standard to all articles. At least two independent investigators assessed the quality of the articles, and there was a high degree of inter- rater agreement. The majority of trials were blindly evaluated. Of the 41 articles originally selected, 12 were excluded. Reasons for their exclusion are outlined. Also of interest, you note that the overall quality score for the RCTs for treating acute otitis media is 2.7 out of 5 possible points, which suggests that quality studies on such a common condition are lacking. You answer yes to this question.
We1'e 1'esuirs fronz tbe studies combined app1'op1'iately?
Once the articles are selected and their quality assessed, the next step in a meta-analysis involves combining the data from these studies. The studies should be similar enough in terms of design, population, and outcomes to pennit the data to be combined. If the end-points studied are binary (eg, relapse versus no relapse, survival versus death, etc), odds ratios are often calculated. The odds ratio, an estimate of relative risk, has mathematical properties that allow one to combine the data easily and to test for the overall effect of significance. 14 It would be inappropriate to combine the results if the studies differed greatly. A test for heterogeneity (dissilnilarity) across the studies allows one to examine statistically the degree of similarity in tlle outcomes of tlle studies. Averaging the odds ratios from all the studies would give misleading results, as smaller studies are more subject to chance. To acknowledge the variability of the results between studies, and to give larger trials more infillence in the overall result, meta-analyses use one of two different tedmiques to test for heterogeneity. The fixed-effects model regards the variability between studies to be due to random variation. Thus, if all the studies were large enough, they would yield the same results. In contrast, tlle random-effects model considers each tudy to be from a different population, the rate varies from study to tudy, an I their differences are due to experimental error and to differences in the populations.
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You see in Table 1 of the article you are a scssing that the investigators grouped the studies by the pharmacokinetic behavior of tlle antibiotic. They performed a test for heterogeneity (random effects) and fOUlld that the studies were similar, and me results could be combined. You answer yes to this question and proceed Witll your assessment.
Was a statistical combination (meta-analysis) done
p1'ope1'ly? The next step is the actual statistical combination (meta-analysis) of the data. The investigators should address the possibility that chance differences did not occm (a test for homogeneity). Homogeneity means that me results of each individual trial are mathematically compatible wim the results of any of the others. II Homogeneity can be quickly asses ed by reviewing a graphic display of the numerical data with meir odds ratios and 95% confidence intervals (Figure 3) . The horizontal line for each trial hows the odds of successful treaonent. vertical line in the middle of each of tllese lines repre ent me point estimate of me difference between the groups. The width of each line repre ents me 95% confidence interval of this point estimate (the true answer will fall within the boundaries 95% of the time). A bold vertical line (odds ratio of ] .0) is known as the line of no effect. When the confidence interval of the result (the horizontal lin) crosses the line of no effect (vertical line), then m Figure 3 , the confidence intervals of all but two of the trials (a, c) cross this line, indicating that the treatment effects were not significant. The summary odds ratio, using either the fixed-effects or random-effects model, is also found in Figure 3 . The vertical dashed line crosses the horizontal lines of all individual studies except one (c), which indicates a fairly homogeneous set of studies.
In addition to a test for homogeneity, the investigators should also perform a sensitivity analysis (fable 4). Depending on the test chosen, the same set of data may be combined to give different conclusions. If one finds that fiddling with the data in various ways makes little or no difference to the review's overall results, one can assume that the review's conclusions are accurate. In the sensitivity analysis used as an example in Table 4 , the data were analyzed based on quality score, adequacy of treatment allocation, and presence or absence of chronic disease.
In Figure 1 of the article you are reviewing, you find a test for homogeneity. The investigators also used a statistical test (Peto fixed-effects model) that allowed them to calculate the summary odds ratio. They also performed a sensitivity analysis by excluding trials oflower methodological quality, trials involving patients with recurrent or chronic otitis media, and trials comparing different antibiotics; none made a difference in the overall results. Assured that the investigators appropriately performed the meta-analysis, you answer yes. likelihood of an outcome or side effect. As you review this question, you would also like to see that all clinically important consequences are considered and that the benefits are worth the harm and costs.
In the meta-analysis you are evaluating, the odds ratio was not large, which means that there was no statistical difference in treating a child with a shorter or longer course of antibiotics. You see that you would have to treat 44 children with a 10-day course to prevent one treatment failure at 30 days using a shorter course of antibiotics.
Conclusion of Case
After a thorough assessment of this article, you conclude it is well designed with valid results. You now feel confident that a shorter course of antibiotics for children with uncomplicated acute otitis media is just as beneficial as a longer course. As you institute the short-course antibiotic treatment as a standard within your practice, however, you also make a commitment to monitor its benefits and risks to your patients and to scan the literature for future articles that might offer additional information about length of therapy for acute otitis media. Consistency of the results in your practice, as well as across multiple published studies, is one characteristic of the scientific process that leads to acceptance and implementation.
A Final Word
With some practice and the use of Table 3 , one can quickly (within a few minutes) perform a critical assessment of a meta-analysis. VVhile performing this appraisal, it is important to keep in mind that few meta-analyses will be perfect. Only you can answer for yourself the exact shade of gray that you are willing to accept when deciding to apply the results of the study to your practice. By applying the knowledge, principles, and techniques presented in this article, however, you can more confidently recognize the various shades of gray and reject those meta-analyses that are seriously flawed.
